The electronic absorption maxima of a series of cyanine dyes (3) 
Introduction
PPP molecular orbital (MO) calculations are useful for the prediction of electronic spectra of organic dyes".
However, the calculations sometimes give shorter wavelengths in the large 7r-conjugated systems such as cyanines2). In order to obtain reasonable wavelengths for the large 7r-conjugated systems, Nishimoto, one of the authors, has proposed the new two -center electron repulsion integral (new-y) , yrs = e2 / (Rrs karse, by introducing the spectrochemical softness (SCS) parameter k. The parameter k represents the dynamical polarizability of the 7r-conjugated systems and the k value must increase as the softness of the system increases.
The most reasonable values of k were estimated from the equation k = 0.33-1 + 0.48 using the observed absorption maxima of the p-band of the linear polyacenes, and were applicable to other polycyclic aromatic hydrocarbons4). The wavelengths of five kinds of cyanine dyes 1 -5 have been obtained by the PPP calculations and the k values in new-y were determined for various values of n.
The methyl substituent gives larger bathochromic shifts in the absorption spectra for polyenyl cations than those for neutral systems. The pseudo atom model was proposed for the elucidation of hyperconjugating effects suggested by Mulliken.5) We applied the pseudo atom model to the methyl groups in the substituted derivatives 1, 2 and 5, using the HMO and semi-empirical MO methods6).
Method of Calculation
The PPP calculations using the new twocenter electron repulsion integral (new-y)O) were carried out by the modification of the computer software PPP-PC7).
Variable g approximation') was used and the spectrochemical softness parameter k was determined by k = 0.33-n + 0.48, n being the number of double bonds in the 7r-conjugated system, for various values of n. The obtained formulae coincide with those for polyacenes4). Twenty five lower singly excited configurations in the CI calculations were carried out.
The CI treatment has given reasonable results for substituted azobenzenes and anthraquinones7). The atomic parameters for various amino nitrogen atom types and carbon atom types are shown in Table 1 . The bond length 1.39A and bond angle 120° were used for each compound. Bond parameters used for the twocenter core integral (firs = Ao + AiPrs) were as follows: C -C (A0 = -2.04 eV, Al = -0.51 eV)7), and C -N (A0 = -2.24 eV, Al = -0.53 eV)7). The effect of twisting at the N -C (phenyl) bonds on the electronic spectra was taken into consideration for the calculations of 4 at n = 2 and 5 at n = 2 -5 by using fiNc' = Accos0,9) where 0 is a torsional angle between the cyanine unit and the phenyl ring. The ab initio calculations were carried out by GAUSSIAN 94 method.
Results and Discussion
The results of the calculations are summarized in Tables 2 -3 and Figs. 1 -7. In the case of the conventional PPP calculation using Nishimoto-Mataga-y (N-M-y )10), the estimated absorption maxima (-II-) for the cyanine dye series 1 (R' = R2 = Me) are at shorter wavelengths than the observed ones (-0-)11), as shown in Fig. 1 . The calculated wavelengths (-CI-) are improved utilizing the pseudo atom model for the methyl groups. In addition, the application of the new-y (k = 0. 33n + 0.48) gives results close to the observed values (-0-). The application of the new -y (k = 0 .33. n + 0.48) and the pseudo atom model gives good agreement between the calculated and the observed values") for the other methyl substituted series, compounds 2 (R' = Me, R2 = H), (Fig. 2) .
The first absorption wavelengths calculated using the new-y for the cyanine dye series 3 (R' = R2 = H) are shown in Fig. 3 compared with the experimental data13). The calculation using N-M-y gives shorter wavelength than that obtained with using the new-7.
The wavelengths observed for unsubstituted cyanine dyes are known only for n = 2 and 3. The calculations provide data close to the observed values for these compounds. Table 2 . Observed first absorption wavelengths(Amax/nm) in the series of cyanine dyes(1-6) and calculated wavelengths using the pseudo atom model (1,2 and 5) and k=0.33. n+0.48 (1) (2) (3) (4) (5) . The values in parentheses for calc. and obs. are the calculated oscillation strengths and the observed common logarithms of the molar extinction constant (log E), respectively. Fig. 1 The calculated and observed') first absorption wavelengths for a series of compounds 1 (R1 = R2 = Me). New-y and N-M-y indicate the calculations using k = 0.33-n + 0.48 and k = 1, respectively. HC (hyperconjugation) describes the calculations by utilization of the pseudo atom model. Table 3 . Dihedral angle (0/degree) dependence of the calculated absorption wavelengths(Xmax/nm) of compound 5 using a core resonance integral /3Nc' = Accos0. Planar geometry is assumed in these calculations. The agreement between the calculated and observed wavelengths is more satisfactory in 4 than in 5. In addition, the estimated wavelengths obtained by the PPP calculation for 5 are closer to the observed wavelengths') for 6 than those for 5 ( Fig. 5) . When steric hindrance causes rotation of an essentially single bond in a pr-conjugated system, there will be a hypsochromic shift in the spectrum"). Phenyl substituted cyanines 4 and 5 would have a conformational rotation around the N -C (phenyl) bonds due to the steric hindrance between phenyl hydrogen atom and the substituents on the nitrogen atom and the rotation would result in hypsochromic shifts.
Since the size of the methyl substituent in 5 is larger than that of the hydrogen atom in 4, the planar geometry used for PPP MO calculations is closer to the actual geometry in 4 than in 5, therefore, the discrepancy between the calculated and observed values is small in 4. The initial geometry used in calculations for 5 is planar and closer to the geometry of 6 than the geometry of 5 because the geometry of 6 is fixed to be planar and the geometry of 5 is essentially non-planar. Hence, the calculated wavelengths for 5 agree well with the observed wavelengths for 6.
The extent of rotation around the bond between the nitrogen atom and the phenyl carbon atom is evaluated by using the modified core resonance integral') fiNc' = Accos0. The calculated wavelengths for 5 at 0 = 45° and 60 are summarized in Fig. 6 with the observed values.
The calculations show that the observed wavelength for n = 2 is close to the calculated value at 0 = 60° and that those for n = 4 ft Fig. 3 The calculated and observed") first absorption wavelengths for a series of compounds 3 (R' = R2 = H). New-y indicates the calculations using k = 0.33. n + 0.48. Fig. 4 The calculated and observed") first absorption wavelengths for a series of compounds 4 (R' -Ph, R2 = H). New-y indicates the calculation using k = 0.33-n + 0.48. The calculated wavelengths of absorption maxima correspond well with the experimental values for methyl substituted derivatives, in spite of the fact that reproduction is difficult by the conventional PPP MO methods.
The effect of twisting bonds between the nitrogen atom and the phenyl carbon atom is evaluated by using the core resonance integral firs' = firscos0. The calculation shows that the twisted angle of 5 for n Fig. 6 The calculated and observed") first absorption wavelengths for a series of compounds 5 (R' = Ph, R2 = Me) using a core resonance integral Fig. 7 Dihedral angle dependence of the calculated absorption wavelengths of compound 4 (R' = Ph, R2 = H) at n = 2 using a core resonance integral fiNc' = Accos0. 
